Vasculogenic mimicry (VM) is an alternative type of blood supplement and is responsible for aggressive tumor biology and increased tumor-related mortality. Tumor cells obtain oxygen and nutriment through VM channels in the early, rapid-growth stage when blood vessels are insufficient. VM channels are characterized by tubular structures with tumor cells. Autophagy is a catabolic process, by which the cell digests damaged components or organelles of its own cytoplasm in response to nutrient deprivation, hypoxia, and the presence of non-functional protein aggregates. In fact, autophagy plays an important role in normal cell growth, development, and homeostasis. However, it is still controversial whether autophagy is also involved in cell death or cell survival in malignancy. In the present study, we therefore investigated the expression levels of two autophagy-related proteins, microtubule-associated protein-1 light chain 3 (LC3) and beclin-1, with respect to melanoma metastasis and vasculogenic mimicry. Melanoma is characterized by rapid growth, high-metastasis rate, and unpredictable behavior. A total of 70 human melanoma tissues were analyzed, showing that VM was present in 31 melanoma specimens (44.3%). Melanoma cells displayed high levels of autophagy when VM was present. Real-time quantitative PCR and immunohistochemical analyses showed that the expression levels of beclin-1 and LC3 mRNAs and proteins were both higher in the VM-positive melanoma than those in the VM-negative melanoma (p < 0.05). Moreover, the expression of LC3, rather than beclin-1, was strongly associated with metastasis and poor clinical prognosis of human melanoma. Therefore, the enhanced autophagic activity may be related to VM and metastasis of melanoma.
Melanoma is characterized by poorly differentiated rapid growth, high-metastasis rate, and unpredictable behavior (McKinnon et al. 2003) . It continues to be one of the most aggressive and fatal malignancies once metastasized. When distant metastasis occurs, the cancer is generally considered incurable. The five-year survival rate is less than 10%, whereas the median survival is 6-12 months (Balch et al. 2001) . Accordingly, inhibiting metastasis can be an effective therapeutic strategy and benefit patients with melanoma. Despite many intensive laboratories and clinical researches, the mechanism involved in metastasis of melanoma still remains unclear.
Some studies have confirmed that the presence of vasculogenic mimicry (VM) channels, a matrix-rich vascularlike network, and the development of fluid-conducting pathways by highly invasive and genetically dysregulated tumor cells are associated with more aggressive and metastatic tumor biology (Maniotis et al. 1999; Hess et al. 2001 ). VM has been described in highly metastatic malignant tumors, including melanoma (Folberg and Maniotis 2004) , inflammatory breast cancer, prostate cancer, hepatocellular carcinoma, ovarian cancer (Foss et al. 1997; Bissell 1999; Hendrix et al. 2003; Sun et al. 2006) , synovial sarcoma, rhabdomyosarcoma (Sun et al. 2004) , and osteosarcoma (Cai et al. 2004 ). These findings indicate that VM may facilitate the transmission of tumor cells in the process of metastasis aside from adjunctively supplying blood and nutrients. Many unresolved problems on VM formation in melanoma remain, because most current available investigations on VM are still morphological delineation.
Therefore, further investigations have to be conducted to reveal the mechanism involved in VM. Lazova et al. (2010) investigated 12 cases of cutaneous melanoma of the superficial spreading type, and found that melanoma cells displayed high levels of autophagy phenotype, and the authors suggested that autophagy in melanoma cells might be important to their survival and invasion (Lazova et al. 2010) . In cell biology, autophagy is a catabolic process involving the degradation of cell's own components through lysosomal machinery. The proteins encoded by autophagy-related genes (ATGs) are required for the formation of autophagic vesicles (Suzuki and Ohsumi 2007; Xie and Klionsky 2007) . Beclin-1, encoded by the gene that is located on human chromosome 17q21, acts in cooperation with the PI3-kinase-signaling complex to enhance the formation of the autophagic vacuole (Liang et al. 1999; Tolkovsky et al. 2002) . Yeast ATG8 and its mammalian homologue microtubule-associated protein-1 light chain 3 (LC3) are conjugated to phosphatidylethanolamine in a similar manner with ubiquitination (Ohsumi 2001) and are localized to isolated membranes, thereby playing crucial roles in the formation of autophagosomes (Nakatogawa et al. 2007) . LC3 is now widely used as a key molecule to monitor autophagosome formation and autophagy activity in mammalian systems.
Numerous studies on the role of autophagy are currently available (Edinger and Thompson 2003; Levine 2005) . Autophagy is generally accepted as a mechanism of cell survival in the presence of genomic injury, endoplasmic reticulum stress, oxidant stress, viral/bacterial infection, nutrient insufficiency, and hypoxia. An autophagy process can serve to regulate the normal turnover of organelles and to remove organelles with compromised functions to maintain homeostasis. However, accumulating data also provide evidence that autophagy can be a backup of the programmed cell death mechanism. There are current controversies on the possible role of autophagy in the process of oncogenesis and tumor progression by promoting cell survival. Some investigators favor the idea that autophagy suppresses tumor development, whereas other investigators support that autophagy enhances tumor development and protects tumor cells from cell death stimuli (Folberg et al. 2000; Kondo et al. 2005; Marx 2006; Wona et al. 2010) .
Due to these controversies, investigating the correlation between autophagy and the formation of VM as well as the correlation between autophagy and metastasis in melanoma is of great interest. In this study, we examined the expression of LC3 and beclin-1 in 70 cases of human melanoma and determined the role and significance of autophagy, VM channels, and metastasis in melanoma.
Materials and Methods

Patients
This study utilized 70 primary tumor specimens of human melanoma obtained from patients who consecutively underwent surgical resection in the Tianjin Medical University Cancer Institute and Hospital in China between January 1999 and October 2005. This study was conducted in accordance with the declaration of Helsinki. This study was conducted with approval from the Ethics Committee of Tianjin Medical University. Written informed consent was obtained from all participants. The patients comprised of 27 women and 43 men with age ranging from 28-81 years (mean: 54.96 years; SD: 12.60 years). During the follow-up for 113.5 months, 12 patients were found to be still alive, whereas 58 had died. The median survival time was 29.5 months in total.
Clinical and histopathological evaluation
Seventy tissue slides of melanoma were reviewed using the World Health Organization Classification of Tumors Pathology and Genetics of Skin Tumors (Cai et al. 2004) . Tissue sections of 5 µm were cut from the formalin-fixed, paraffin-embedded representative tissue blocks of melanoma and were stained with hematoxylin and eosin. The quantities and distribution of VM and other features involved in VM were evaluated in all sections. The number of VM per 400× field was assessed. Clinicopathologic parameters were obtained from the patients' medical records and files kept at the Department of Pathology, including gender, age, tumor location, survival status, survival time, lymph node status, distant metastasis, American Joint Committee on Cancer (AJCC) stage (AJCC staging system), tumor thickness, conventional necrosis, histology subtypes, melanin, cellular phenotype, and nucleolus.
Immunohistochemical staining
Serial 4-μm sections cut from formalin-fixed, paraffin-embedded tumor tissue for immunohistochemical analysis were deparaffinized and hydrated through a series of xylenes and alcohols before immunohistochemical staining using the alkaline phosphatase-streptavidin method for LC3 and beclin-1. Antigen was firstly rehydrated in phosphate-buffered saline (PBS) before retrieval, and then treated by microwave heating in citrate buffer solution (pH 6.0) for 5 min. The sections were incubated with rabbit polyclonal anti-LC3 antibody (Novus Biologicals, USA; dilution of 1:50) and rabbit polyclonal anti-beclin-1 antibody (Santa, USA; dilution of 1:50). Following incubation, the sections were rinsed with PBS and then incubated with biotinylated goat anti-mouse or goat anti-rabbit IgG for 20 min at 37°C. Afterwards, they were incubated with 3,3′-diaminobenzidine chromogen for 5-10 min at room temperature and then washed with distilled water. Finally, the slides were washed for 5 min in running tap water and then counterstained with Harris' hematoxylin.
Evaluation of immunohistochemical staining
LC3 and beclin-1 are considered positive by cytoplasm staining. Semi-quantitative expression levels were determined by assessing both the percentage and intensity of the stained tumor cells. The percentage of positive cells was rated per HPF using 200× magnification as follows: cases with < 1% positive cells were rated as 0, 1-25% positive cells as 1 point, 26-50% positive cells as 2 points, and > 51% positive cells as 3 points. The staining intensity was rated as follows: 1 point for weak intensity, 2 points for moderate intensity, and 3 points for strong intensity. Points for staining intensity and the percentage of positive cells were added, and the specimens were classified into three groups according to their overall score: negative expression for 0-1 point, weak expression for 2-4 points, and strong expression for 5-6 points. The total scores were as follows: 0-1 (negative) and 2-6 (positive). All slides were evaluated independently by two investigators without knowledge of the identity of the patient and the clinical outcome.
Immunohistochemical and periodic acid-Schiff (PAS) histochemical double-staining
After immunohistochemical staining for mouse anti-CD31 monoclonal antibody (Sigma, USA; dilution of 1:200), the sections were exposed to 1% sodium periodate for 10 min. The sections were then rinsed with distilled water for 5 min, followed by incubating with PAS for 15 min. All the sections were counterstained with hematoxylin, dehydrated, and mounted. Normal human stomach mucous membrane was used as the positive control.
Total RNA isolation and real-time PCR
Primers were designed and synthesized by TaKaRa Bio technology Co. Ltd. (Otsu, Shiga, Japan). Real-time PCR analysis was carried out to determine the mRNA expression of LC3 and beclin-1 using the Gene AMP PCR System 7500 Sequence Detector. A separate PCR assay for the mRNA of the β-actin gene was performed to verify general mRNA integrity. Total RNA was extracted from 30 melanoma tumor samples at −80°C using Trizol reagent. The RNA was then made into cDNA using Taqman reverse transcriptase reagents (Applied Biosystems). The cDNA was used as the template to be amplified in a 25 ml reaction mixture using the following conditions: denaturation at 94°C for 5 min and 35 cycles of 94°C for 30 s, the optimal annealing temperature for 45 s, and 55°C for 40 s. The primer sequences used for the matrix metalloproteinase LC3 (Accession No.: AF087871.1) detection were 5′-GGCGCTTACAGC TCAATGCTAAT-3′ (sense) and 5′-AATTTCATCCCGAAC GTCTCCTG-3′ (antisense). The primer sequences used for beclin-1 (Accession no.: NM_003766.3) detection were 5′-GACAGTTTG GCACAATCAATAAC-3′ (sense) and 5′-TTCCGTAAGGA ACAAGTCGGTAT-3′ (antisense). The primers used to amplify β-actin were 5′-ATCCGTAAAGACCTCTATGCCAAC-3′ (sense) and 5′-ATGGAGCCACCGATCCACA-3′ (antisense). The resulting products of LC3, beclin-1, and β-actin amplification products were 163, 165, and 174 bp, respectively. The CT value (i.e., the cycle number at which the fluorescence crosses the threshold) was determined, and the formula 2^ (delta delta CT) was used to determine the relative quantity of the amplified fragment. Every sample was tested in triplicate, and the mean value was used.
Statistical analysis
Statistical analysis was performed in this study using SPSS 13.0. Pearson's χ 2 , and bivariate correlations were used to determine the different parameters associated with the distribution of VM. T-test was used to analyze the mRNA expression of LC3 and beclin-1. The Kaplan-Meier method and the log-rank test were employed to evaluate survival analysis, where p-value less than 0.05 was considered significant.
Results
Morphological characteristics of and quantization for VM
We performed a preliminary screening for the presence of VM in H&E-stained slides. VM, which was characterized by the channels, were lined by tumor cells instead of endothelial cells without necrosis, hemorrhage, or inflammatory cells in the environment; RBCs were detectable in the lumens as shown in Fig. 1 . According to the results of the morphological observation and the CD31/PAS double staining, VM was validated to exist in melanoma. Under a microscope with a 400× magnification, VM channels were counted in all sections. Among the 70 specimens of melanoma, VM was detected in 31 specimens (44.3%), as shown in Table 1 .
Correlations between VM and clinical histopathologic parameters
The presence of VM had the close positive correlation with the following parameters in melanoma: mitotic rate ( p = 0.000), histological subtype ( p = 0.001) and Breslow thickness ( p = 0.002), ulceration ( p = 0.001), lymph node metastasis ( p = 0.003), and distant metastasis ( p = 0.003). However, it had a negative correlation with melanin ( p = 0.002) and tumor necrosis ( p = 0.017). Overall, the presence of VM did not show any association with gender, age, tumor location, AJCC stage, cellular phenotype, and nucleolus ( p > 0.05). The clinical and histopathological characteristics involved in VM are summarized in Table 1 .
Expressions of LC3 and beclin-1 at mRNA and proteins levels
Immunohistochemical staining was performed for autophagy-related proteins LC3 and beclin-1 to detect autophagy in melanoma, as shown in Fig. 1 . The result showed that the expression of beclin-1 and LC3 in the VM-positive group was significantly higher than those in the VM-negative group in melanoma (p < 0.05) ( Table 2) . Immunohistochemistry data showed that the presence of VM, the positive LC3 expression, and the positive beclin-1 expression correlated well with each other by Pearson's correlation analysis (Table 3 ). The result of real-time PCR showed that the expression levels of beclin-1 and LC3 mRNAs in the VM-positive group were both higher than those in the VM-negative group. The difference was significant at p = 0.000 and p = 0.02, respectively (Table 4) .
Survival analysis
Kaplan-Meier and log-test survival analyses showed that the total survival time and the metastasis-free survival time for patients with VM were significantly shorter than those for patients without VM ( p < 0.05). The average survival time of the cases with VM and without VM was 22.711 ± 1.661, 53.566 ± 5.586 months, respectively. The total survival and the metastasis-free survival time of patients with positive LC3 expression were significantly shorter compared with those of patients with negative LC3 expression ( p = 0.012 and p = 0.010), respectively. There was no statistical difference between the total survival time and the metastasis-free survival time of patients with positive beclin-1 expression and those of patients with negative beclin-1 expression ( p = 0.973 and p = 0.347), respectively. HPF, High-power field; A, Acral lentiginous melanoma (ALM); NM, Nodular melanoma (NM); Un, Untyped melanoma (Un).
A + N + Un: ALM + NM + Untyped; *p < 0.05 HPF, High-power field; A + N + Un: ALM + NM + Untyped; * p < 0.05
Discussion
VM has been considered an important mechanism involved in melanoma metastasis , but the role of autophagy is not well known. In this context, there are similar aspects between autophagy and VM in the growth and progress of tumors. First, morphologically, VM channels are observed under a microscope and are characterized by tubular structures with tumor cells, but not endothelial cells, pasted on the surface of the basement membrane (Maniotis et al. 1999) . VM is accepted as a novel blood supply under the tumor microenvironment in several different types of cancers, which are all highly malignant and can easily metastasize (Folberg and Maniotis 2004) . Tumor cells can obtain oxygen and nutriment through a VM channel in the early, rapid-growth stage when blood vessels are insufficient. Morphologically, autophagy is described for structures that are observed using electron microscopy and that are characterized by the formation of autophagosomes consisting of single-or double-membrane lysosomalderived vesicles containing cytoplasmic particles, including organelles, in various stages of disintegration. Many observers have argued that autophagy might actually be a survival mechanism benefiting the tumor cells. Second, in the formation mechanism, there are three important elements in VM formation: the property of plasticity and modification of malignant tumor cells, the remodeling of the extracellular matrix, and the connection of the VM channels to the host microcirculation system (Yorimitsu and Klionsky 2005; Zhang et al. 2006 ). All are regulated by a hypoxic and ischemic microenvironment. Analogically, autophagy is a cellular response to both extracellular (i.e., nutrient deprivation or hypoxia) and intracellular (i.e., accumulation of damaged organelles and cytoplasmic components) stress conditions. During nutrient starvation, autophagy is a major mechanism by which tumor cells increase the breakdown of non-vital components and the reallocation of nutrients, ensuring that more essential processes (Sun et al. 2007 ). Third, both VM and autophagy are genetically controlled processes that result in accommodating and reforming the microenvironment.
Thus, we can speculate that tumors become more selfsufficient through these two different mechanisms of autophagy and VM to obtain the common aim of surviving and progressing in an unfavorable microenvironment. This hypothesis is verified in our current study. We carefully assessed the distribution of VM in human melanoma. In the H&E stained sections, we observed that VM channels were composed of a basement membrane with positive PAS staining and CD31-negative reagent in the absence of endothelial cells and fibroblasts. Tumor cells from tubular structures and mimic the pattern of embryonic vasculogenic networks; no hemorrhage, necrosis, or inflammatory cells are found around VM networks. The presence of VM is closely associated with mitotic rate, histological subtype, Breslow thickness, ulceration, lymph node metastasis, and distant metastasis in melanoma. This result is consistent with earlier investigations (Sun et al. 2008; Morselli et al. 2009 ). In addition, we found that the presence of VM is reversely associated with melanin and tumor necrosis.
In this study, autophagy was measured by microscopic quantitative analysis of cells expressing LC3 and beclin-1, which are two important members of autophagy-related proteins promoted and expressed in the autophagic pathway (Ahn et al. 2007 ). Immunohistochemistry and real-time PCR results showed that the expression levels of beclin-1 and LC3 in the VM-positive group were significantly higher than those in the VM-negative group in melanoma. Our results can be supported by the first reported that melanoma cells could display high levels of autophagy phenotype (Lazova et al. 2010 ). In our study, the expression of beclin-1 is consistent with the result in colorectal and gastric cancer (Liang et al. 1999) . However, it is contrary to the result in breast carcinoma cells in which the expression of beclin-1 is decreased (Ohsumi 2001) . In our study, immunohistochemical staining results showed that the positive LC3 expression was related to mitotic rate, metastasis, The Kaplan-meier method and Log-rank test data showed that the survival time of patients with VM positive tumor was shorter than that of those without VM. This is similar to previous study (Zhang et al. 2009 ). The total survival and metastasis-free survival time of patients with positive LC3 expression were significantly shorter than those of patients with negative LC3 expression, ( p = 0.012 and p = 0.010), respectively. We did not find that the total survival time and the metastasis-free survival time of patients with positive beclin-1 expression were different from those of patients with negative beclin-1 expression ( p = 0.973 and p = 0.347), respectively. Therefore, we concluded that LC3, but not beclin-1, is closely associated with VM, metastasis, and poor clinical prognosis in human melanoma.
Under a microenvironment without adequate oxygen, nutrition, and blood supply, some tumor cells, especially apoptosis-resistant cells such as melanoma cells are likely to be self-sufficiently regulated by some ATGs and VM-related genes. Based on our data, we confirmed that the role of autophagy was beneficial for the bulk of tumor population in its growth, invasion, and metastasis, similar to the role of VM regardless of autophagy-enhanced cell survival or cell death. Certainly, autophagy mechanism in melanoma is still poorly understood. Further study on a larger scale is necessary to explain the role and significance of autophagy and VM expression in melanoma. Recently, autophagy has been demonstrated to be important in conferring resistance to chemotherapy, radiation therapy, and immunotherapy (Livesey et al. 2009 ). Inappropriate drug delivery, secondary toxicities, and persistent chemo-and immunoresistance have traditionally compromised treatment response in primary and metastatic melanoma. Therefore, we suppose that the treatment strategy of inhibiting LC3 might be effective in metastasis melanoma by depriving cells of an important energy supply source.
